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(57) ABSTRACT

A shaft-hub connection includes a shatt, which 1s provided
with an external toothing arrangement in a connecting
region. The shaft-hub connection also includes a hub, which
1s provided with an internal toothing arrangement in a
connecting region. The external toothing arrangement has a
first tip diameter (K1) on the side facing the axial end of the
shaft and a second, larger tip diameter (K2) on the side of the
connecting region facing away from the axial end so that
together with the internal toothing arrangement of the hub a
clearance {it 1s created 1n the region of the first tip diameter
(K1) and an interference fit 1s created in the region of the
second tip diameter (K2).
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1
SHAFI-HUB CONNECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of PCT International
Application No. PCT/EP2017/053724, filed Feb. 20, 2017,

which claims priority under 35 U.S.C. § 119 from German
Patent Application No. 10 2016 203 188.0, filed Feb. 29,
2016, the enftire disclosures of which are herein expressly
incorporated by reference.

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

The embodiments of the invention relate to a shaft-hub
connection with a shatt, which 1s provided with an external
toothing arrangement 1n a connecting region, and a hub,
which 1s provided with an internal toothing arrangement in
a connecting region. The embodiments of the invention also
relate to a method for producing a shaft-hub connection.

Shaft-hub connections are used where torque has to be
reliably transmitted between the shaft and the hub. By using
the internal and the external toothing arrangements in the
connecting region a form-fitting engagement between shatt
and hub 1s created so that unlike in the case of an interfer-
ence fit the maximum torque which can be transmitted does
not depend on parameters such as surface condition of the
abutting surfaces or the temperature.

External and internal toothing arrangements can be used
for the purpose of centering the shatt and the hub relative to
cach other. I the toothing arrangements are designed with
suitable geometry and suitable dimensions, for example an
interference fit can be achieved between the shaft and the
hub, as a result of which the position of the two parts relative
to each other 1s very accurately established. As a result of
this, concentricity deviations can be reduced or even
avolded. However, such a shaft-hub connection can be
comparatively diflicult to assemble.

One of the objects of the imvention entails creating a
shaft-hub connection which on the one hand ensures good
centering ol the shaft relative to the hub and on the other
hand can be easily assembled.

For achieving this and other objects, it 1s provided in the
case of a shaft-hub connection of the type referred to 1n the
introduction that the external toothing arrangement has a
first tip diameter on the side facing the axial end of the shaft
and a second, larger tip diameter on the side of the connect-
ing region facing away from the axial end so that together
with the internal toothing arrangement of the hub a clearance
fit 1s created 1n the region of the first tip diameter and an
interference {it 1s created in the region of the second tip
diameter. The embodiments of the invention are based on the
fundamental 1dea of dividing the connecting region of the
shaft into two sections so that the first section can be used
for pre-assembly and 1n the process can especially be joined
manually. The second section serves for the centering of the
shaft relative to the hub, higher joining forces being neces-
sary 1n this region. Since the two components, however,
have already been pre-assembled with each other via the first
section of the connecting region, these forces can be applied
more easily.

The difference between the first and the second tip diam-
cters 1s preferably less than 50 um and preferably less than
20 um. Especially preferably, the diflerence between the first
and the second tip diameters 1s 1n the order of magnitude of
10 um. The first tip diameter 1s 1n this case even reduced to
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such an extent that the shaft and the hub can be assembled
with low axial forces, but the connecting region continues to
support the shait inside the hub as soon as the shaft and the
hub are aligned with each other 1n a slightly inclined manner.
As a result of this, tilting of the hub on the shaftt 1s prevented.
Depending on the respective requirements, however, other
differences between the tip diameters can also be applied.

It 1s provided that the external and the internal toothing
arrangements are designed as involute toothing arrange-
ments. An 1nvolute toothing arrangement can be rolled onto
the shaft with comparatively little effort.

It 1s preferably provided that a nut, which interacts with
a thread on the hub, 1s arranged on the shait. The nut enables
the axial forces to be applied with little eflort, which axial
forces are required for inserting the connecting region with
the second tip diameter into the hub. In the process, the nut
can very easily be brought into engagement with the thread
on the hub since the shait and the hub have already been
pre-assembled; the section of the connecting region—which
has the first tip diameter—inserted into the hub, already
ensures a suiliciently accurate positioning of shaft and hub
relative to each other.

The axial length of the engagement between nut and hub
preferably corresponds approximately to the length of the
connecting region which has the second tip diameter. With
these dimensions, the connecting region with the first tip
diameter can be completely 1nserted into the shait before the
nut 1s screwed onto the thread of the hub.

The hub and/or the shaft preterably have/has an axial stop.
The axial stop defines the position of the shait relative to the
hub 1n the completely assembled state.

The axial stop may be designed as a cone. As a result of
this, additional centering 1s achieved.

For achieving the aforementioned objects, provision
herein 1s also provided a method for producing a shaft-hub
connection by means of the following steps: provision 1is
made for a shait with at least one bearing section and with
an external toothing arrangement on an axial end. The shatt
1s hardened, and the bearing section and a section of the
external toothing facing the axial end of the shatt are turned
in one chucking operation so that the external toothing
arrangement has a section with a first tip diameter and a
section with a second tip diameter. The shait and a hub, with
an internal toothing arrangement complementary to the
external toothing arrangement, are joined, wherein 1n a first
step the first section of the external toothing arrangement 1s
joined to the hub 1n a basically force-free manner and 1n a
second step the second section of the external toothing
arrangement 1s pressed 1nto the hub. The particular advan-
tage ol the method exists in the fact that as a result of the
turning of the bearing section and the external toothing

arrangement in one chucking operation very small toler-
ances of the machined sections relative to each other can be
achieved. Due to the section of the connecting region which
has a smaller diameter the shaft-hub connection can be
pre-assembled 1n an almost force-free manner. With regard
to the advantages which ensue 1n the process, reference 1s
made to the above explanations.

The second section of the external toothing arrangement
1s preferably also turned in the same chucking operation.
This ensures that positional tolerances of the bearing section
ol the shait relative to the second section of the connecting
region, which 1s essentially for the centering of the shaft
relative to the hub, are prevented as far as possible.

The force required for the axial pressing is preferably
applied by a nut, fixed axially on the shaft, being screwed
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onto the hub. In this way, the required axial force can be
created 1n a very controlled manner.

Other objects, advantages and novel features of the
embodiments of the present invention will become apparent
from the following detailed description of one or more
preferred embodiments when considered in conjunction
with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a shaft-hub connection.

FIG. 2 schematically shows the hub used 1n the shaft-hub
connection of FIG. 1.

FIG. 3 schematically shows an end face view of the
connecting region of the hub of FIG. 2.

FIG. 4 shows the shait used in the shaft-hub connection
of FIG. 1, 1n a broken-ofl, partially sectioned side view.

FIG. 5§ schematically shows an end face view of the
connecting region of the shaft of FIG. 4.

DETAILED DESCRIPTION OF THE DRAWINGS

Shown in FIG. 1 1s a shaft-hub connection 5 of a shaft 10

to a hub 40. In the case of the shaftt, 1t can especially be the
shaft of the differential bevel pinion of rear-axle transmis-
sion of a motor vehicle, and 1n the case of the hub 40 1t can
especially be the output-side end of a jointed shatt or cardan
shaft.

The shaft-hub connection 1s formed 1n the depicted exem-
plary embodiment by an internal toothing arrangement 42
(see FIGS. 2 and 3), which 1s provided in the interior of the
hub 40, and by an external toothing arrangement 12 which
1s provided on an axial end of the shaft 10 (see FIGS. 4 and
5). The toothing arrangements 12, 42 are designed in this
case as mnvolute toothing arrangements. Other tooth profiles
are 1n principle also possible.

The external toothing arrangement 12 and the internal
toothing arrangement 42 in each case define a connecting,
region on the shait 10 or on the hub 40 1n which these are
coupled to each other in a form-fitting manner when the
shaft-hub connection 1s produced (see FIG. 1).

The internal toothing arrangement 42 1s produced in a
broaching process so that i1t has a constant root diameter and
a constant tip diameter over its entire axial length.

On the outer side of the hub 40, provision 1s made on its
side facing the shaft 10 for a male thread 44, the function of
which 1s explained later.

The external toothing arrangement 12 has a constant root
diameter F over its entire axial length. However, the tip
diameter of the external toothing arrangement 12 i1s not
constant. On the side facing the axial end of the shaft 10, the
external toothing arrangement 12 1s designed with a first tip
diameter K, whereas the external toothing arrangement 12
on a side adjoining thereto, facing away from the axial end,
has a second tip diameter K,. The second tip diameter K, 1s
in this case slightly larger than the first tip diameter K, . The
diameter difference 1s shown greatly enlarged in FIG. 4.
Actually, 1 practice a diameter difference in the order of
magnitude of 10 um 1s advantageous.

The external toothing arrangement 12 and the internal
toothing arrangement 42 are adapted to each other in their
dimensions so that the tip surface 30 (see FIG. 1) of the teeth
of the external toothing arrangement 12 1n the section with
the smaller tip diameter K, forms a clearance fit with the root
surface between the teeth of the internal toothing arrange-
ment 42, whereas the tip surface (32) of the teeth of the
external toothing arrangement 12 in the section with the
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larger tip diameter K, forms an interference fit with the root
surfaces between the teeth of the internal toothing arrange-
ment 42.

Arranged on the shaft 10, in the axial direction 1nside the
external toothing arrangement 12, 1s a fastening element 14
which for example can be a nut. By means of the fastening
clement 14, for example a bearing race (not shown here) can
be axially clamped on a bearing surface 16 of the shait 10.

Attached on the fastening element 14 1s a nut 18 which
can be rotated relative to the fastening element 14 but is
fixed on this 1n the axial direction. For this purpose, the nut
18 1s provided with a flange 20 which projects 1n the axial
direction and engages behind a shoulder 22 of the fastening
clement 14. The flange 20 can be of elliptical design for
example so that if the nut 18 1s slightly tilted 1t can be
engaged behind the shoulder 22.

The axial length of the nut 18 lies approximately 1n the
order of magnitude of the axial length of the section of the
external toothing arrangement 12 which has the larger tip
diameter K.

The external toothing arrangement 12 1s produced on the
shaft 10 preferably by means of hot rolling or cold rolling.
The shatt 10 1s then hardened. In a further machining step,
the external toothing arrangement 12 1s turned, that is to say
machined-cut 1n a turning process. In the process, both the
first tip diameter K, and the second tip diameter K, are
created. In the same chucking operation, the bearing surface
16 1s also turned. In this way, it 1s ensured that especially the
section of the external toothing arrangement 12, which has
the second tip diameter K, and the bearing surface 16 have
no positional deviation at all or no other tolerances relative
to each other, as could occur during machining with re-
chucking between the individual machining steps.

Adjoining the external toothing arrangement 12 of the
shaft 10, on the side facing away from the axial end, 1s an
axial abutment surface 24 which 1s designed as a flat cone
with a cone angle a 1n the order of magnitude of 30°. A
complementary conical surface 46 on the hub 40 can interact
with the conical surface 24.

In order to assemble the hub 40 on the shaft 10, the section
of the external toothing arrangement 12 provided with the
first tip diameter K, 1s inserted into the internal toothing
arrangement 42. The first tip diameter K, 1s in this case
dimensioned relative the internal toothing arrangement 42 so
that a clearance fit exists. Correspondingly, the required
joiming forces are very low. In particular, the two compo-
nents can be fitted into each other manually.

In the pre-assembled state, the nut 18 lies directly in front
of the first turn of the thread 44. The engagement of the
section of the external toothing arrangement 12 provided
with the first tip diameter K, 1n the internal toothing arrange-
ment 42 ensures that the shaft 10 and the hub 40 are
concentric to such extent that the nut 18 can easily be
screwed onto the thread 44 manually. The nut 18 can then be
turther rotated mechanically so that the hub 40 1s also drawn
onto the section of the external toothing arrangement 12
which has the second, larger tip section K.

The assembly process 1s completed as soon as the conical
surfaces 24, 46 butt against each other 1n the axial direction.

The interference {it 1 the region of the section of the
external toothing arrangement 12 which has the larger tip
diameter K, ensures centering of the shait 10 relative to the
hub 40. If increased tilting forces should act upon the hub 40
relative to the shaft 10, the outer end of the section of the
external toothing arrangement 12 designed with the smaller
tip diameter K, comes to butt against the hub 40 since on
account of the very small diameter difference between the
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two tip diameters K,, K, a very small inclined position
already suflices so that the first section of the external
toothing arrangement 12 also undertakes a centering action.

Also conceivable 1n principle are constructions other than
the nut 18, by means of which the required axial force for
joimng the shaft-hub connection can be applied.

The foregoing disclosure has been set forth merely to
illustrate the embodiments of the invention and i1s not
intended to be limiting. Since modifications of the disclosed
embodiments 1incorporating the spirit and substance of the
invention may occur to persons skilled in the art, the
invention should be construed to include everything within
the scope of the appended claims and equivalents thereof.

What 1s claimed 1s:

1. A shaft-hub connection comprises:

a shaft, which i1s provided with an external toothing

arrangement 1 a connecting region; and

a hub, which 1s provided with an internal toothing

arrangement 1n a connecting region, wherein

the external toothing arrangement has a first tip diam-
cter (K1) on the side facing the axial end of the shaft
and a second, larger tip diameter (K2) on the side of
the connecting region facing away from the axial end
so that together with the internal toothing arrange-
ment of the hub a clearance {it 1s created 1n the region
of the first tip diameter (K1) and an interference fit
1s created in the region of the second tip diameter
(K2), and

the difference between the first and the second tip
diameters (K1, K2) 1s less than 50 um.

2. The shaft-hub connection as claimed i1n claim 1,
wherein the difference between the first and the second tip
diameters (K1, K2) 1s in the order of 10 um.

3. The shaft-hub connection as claimed 1n claim 2,
wherein the external and the internal toothing arrangements
are designed as involute toothing arrangements.
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4. The shaft-hub connection as claimed in claim 3,
wherein a nut, which interacts with a thread on the hub, 1s
arranged on the shatt.

5. The shaft-hub connection as claimed in claim 4,
wherein the axial length of the engagement between nut and
hub corresponds approximately to the length of the connect-
ing section which has the second tip diameter (K2).

6. The shaft-hub connection as claimed i1n claim 5,
wherein the hub and/or the shaft have an axial stop, espe-
cially a flat cone.

7. A method for producing a shaft-hub connection, com-
prising the acts of:

providing a shaft with at least one bearing surface and

with an external toothing arrangement on an axial end;
hardening the shatft;

turning, the bearing surface and a section of the external

toothing arrangement facing the axial end of the shalft,

in one chucking operation so that the external toothing

arrangement has a section with a first tip diameter (K1)

and a section with a second tip diameter (K2); and

joining the shaft and a hub with an internal toothing

arrangement complementary to the external toothing

arrangement, wherein

the first section of the external toothing arrangement 1s
joined to the hub 1n a force-free manner and subse-
quently pressing the second section of the external
toothing arrangement into the hub, and

the difference between the first and the second tip
diameters (K1, K2) 1s less than 50 um.

8. The method as claimed 1n claim 7, wherein the second
section of the external toothing arrangement is also turned 1n
the same chucking operation.

9. The method as claimed 1n claim 8, wherein the force
required for the axial pressing i1s applied by a nut, fixed
axially on the shaft, being screwed onto the hub.
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